Native RNA immunoprecipitation (nRIP) coupled with high-throughput sequencing (nRIP-seq) is a powerful technique that allows transcriptome-wide identifi cation of the entire subset of coding and noncoding RNAs associated with a particular protein. Since this technology is carried out in a native condition without cross-linking, nRIP-seq detects RNAs that bind a protein directly or indirectly through a larger RNA-protein complex. Here, we use the interaction between RNA and chromatin modifi ers, Polycomb proteins, as an example to describe this method. Using nRIP-seq, we provide a snapshot of Ezh2, a Polycomb component, and RNA interaction in mouse embryonic stem cells.
Introduction
Mounting evidence over the past decade suggests the vast majority of the genome is transcribed and most transcripts do not encode proteins [ 1 , 2 ] . A new frontier in biological research is to understand the functional importance of nonprotein coding RNAs (ncRNAs) during development and in disease states. The small interfering noncoding RNAs (siRNAs) are known to silence gene expression in siRNA-dicer complexes [ 3 ] , while long ncRNAs are believed to function as a scaffold to piece together different proteins at a specifi c genomic locus under a specifi c cellular context [ 4 , 5 ] . Recent studies suggest that RNA binds to a wide variety of proteins, including transcription factors [ 6 , 7 ] , chromatin modifiers [ 8 -12 ] , compartment proteins [ 13 , 14 ] , etc., suggesting that the dynamics of RNA-protein interaction play key roles in gene regulation. In order to capture a genome-wide pool of long transcripts associated with a specifi c protein, we developed a novel technology nRIP-seq [ 15 ] . nRIP is a method that involves immunoprecipitation of RNA-binding proteins together with all RNAs associated with the protein in a native condition and further isolation of co-immunoprecipitated both coding and noncoding RNAs [ 16 ] . Specifi c RNAs can be measured quantitatively using reverse transcription polymerase chain reaction (RT-PCR) or can be converted into cDNA libraries for high-throughput sequencing. Using nRIP-seq, we captured Polycomb Repressive Complex 2 (PRC2), a chromatin modifi er, transcriptome in mouse embryonic stem cells [ 15 ] . Because PRC2 plays a central role in stem cell pluripotency and differentiation, such a genome-wide profi le of regulatory RNAs provides invaluable information in regenerative medicine. Thus, nRIP-seq provides a powerful tool to study RNAprotein interaction in a given cell type and will facilitate our understanding of RNA's function in gene regulation.
Materials
Prepare all solutions in RNAse-and DNAse-free Nanopure water (18 Ω cm) and using only analytical grade reagents. The template switching method following the Clontech SMART protocol can be used to generate cDNA from very small amount of RNA (as little as 50 ng). During this process, modifi ed MMLV reverse transcriptase adds nontemplated C's at the end of a DNA template [ 17 , 18 ] . This 3′ overhang of Cs can be used to hybridize template switch primer with a G stretch.
SuperScript™ II Reverse Transcriptase (Life Technologies Cat.
No. 18064) should be used to allow for nontemplated addition of CCC at the termini of synthesized fi rst-strand cDNAs.
2. Primers: Primers should be designed to be compatible with the desired sequencing method. Since Illumina high-throughput sequencing for genomic DNA was used for the current study, we designed primers compatible with this method. New primers should be designed if other sequencing methods are used.
Illumina primers for sequencing genomic DNA.
PCR Primers:
Genomic DNA Sequencing Primer:
Primers used for the current study:
Primer for fi rst-strand cDNA synthesis: a hybrid of partial IG-forward primer and random hexamer.
5′-CTTTCCCTACACGACGCTCTTCCGATCTNNN NNN-3′
Template switch primer: IG-reverse primer with three Gs added to the 3′-end. 
cDNA Library Construction with Template Switch

Methods
A general outline of nRIP-seq is shown in Fig. 1 . 6. Transfer the cells to the ice-cold Dounce homogenizer. Dounce 10× to aid the release of nuclei.
7. Resuspend and transfer the cells to the cold 15 mL conical tubes and centrifuge at 2,400 × g for 10 min.
8. Remove supernatant. Resuspend the pellet in 1 mL polysome lysis buffer.
9. Pass through 27 1/2 G needle 4× to break nuclei.
cDNA Library Preparation for Illumina Sequencing
Preparation of Nuclear Lysate
10. Incubate with 40 μL (400 units) DNAse/1 mL rotating in cold room for 30 min to digest DNA.
11. Centrifuge at highest speed of the cells for 10 min to collect the supernatant for IP.
1. For each reaction, add 100 μL lysate into 850 μL NT2 supplemented with 2 μL RNAse inhibitor, 2 μL RVC; 1 μL DTT, and 5 μL proteinase inhibitors.
2. Take 9.5 μL out as 1 % input.
3. Add ~5 μg antibody to the reaction mix and incubate at 4 °C overnight by end-to-end rotation.
4. The next morning, wash protein A/G beads 3× with NT2 buffer.
5. Add 50 μL beads into the reaction mix and incubate at 4 °C for 2 h by end-to-end rotation.
6. Wash beads 6× with NT2 buffer, each time rotating for 5 min at 4 °C. 
Immunoprecipitation
PCR amplification
Use high fidelity DNA polymerase
Gel extraction and mini-elute
Run on 3% Nusieve gel
High throughput sequencing and data analysis 2. Determine the RNA concentration using Quant-iT™ Ribogreen RNA Assay Kit.
1. Typically, 100 ng RNA is used as a starting material. Negative mock control without any RNA product should also be carried out to control for any trace amounts of reagent contamination and nonspecifi c amplifi cation.
2. Dilute the primer for fi rst-strand synthesis at 2 μM. 3. The optimal cycle numbers should be determined experimentally by qPCR analysis (Fig. 2 ).
1. PCR products are loaded on a 3 % NuSieve agarose gel for size selection. As shown in Fig. 3 , PCR products below 200 bp are mainly primer dimers that are present both in wild type and control libraries. Little product was detected beyond 1.2 Kb, most likely due to the degradation of RNA during the RIP process.
2. Products ranging from 200 to 1,200 bp were excised and extracted by the QIAEX II Agarose Gel Extraction Kit.
PCR Amplifi cation
Library Preparation
qRT-PCR levels (arbitrary units) 
Notes
1.
A ribonuclease-free environment should be created and maintained whenever working with RNA. All the reagents should be RNAse-free and RNAse inhibitor should be added into solutions to prevent RNA degradation. RNAse Zap (Life Technologies, Cat. No. AM9780) can be used to treat small equipment, such as Dounce homogenizers, and bench surfaces, followed by rinsing with DEPC-treated water and air drying.
2. It is recommended to process the cell pellets and carry out the RIP procedure right away. However, it is possible to snap freeze the cell pellets in liquid nitrogen and store at −80 °C for future use.
3. Which type of magnetic beads to use depends on the immunoglobulin type and species of the primary antibody. Please consult the Life Technologies website to determine the beads that will be most suitable for your antibody. Typically, rabbit polyclonal antibodies have strong affi nity for A or G beads and mouse monoclonal antibodies bind strongly to protein G beads. You can also mix A/G beads during immunoprecipitation. In general, protein A beads are less "sticky" than G beads and provide lower backgrounds. Negative control samples or antibodies should be used during RIP. Typically, normal IgG is used during IP to control for nonspecifi c binding. A cell line that has protein of interest knocked down or knocked out is ideal to be used as a negative control for antibody specifi city.
5. The wash condition is critical to decrease background and should be determined experimentally. Up to 1 M salt can be used for stringent washes by adding NaCl directly into the NT2 buffer to reach the appropriate concentration. Since the experiment is carried out in native conditions without cross-linking, ionic detergents such as SDS, deoxycholate, or urea are not recommended to be included during washes.
6. It is important that one changes pipette tips between different samples during all steps, to avoid cross-contamination.
7. For some antibodies, it is recommended to coat the beads with antibody fi rst, followed by lysate addition. For others, such as Ezh2, it is critical to add antibody into lysate fi rst, followed by protein A/G pull down. Such conditions need to be determined experimentally.
8. The template switching method relies on the ability of MMLV reverse transcriptase to add a few nontemplated cytosines to the 3′-ends of newly synthesized cDNAs upon reaching the 5′-ends of the RNA templates. The commercially available MMLV-derived reverse transcriptases include superscript II (Life Technologies), RevertAid H minus (Fermentas), and RevertAid Premium (Fermentas) [ 19 ] . Superscript III reverse transcriptase from Life Technologies is not suitable for such an assay.
9. RNA fragmentation upon IP can be carried out using the fragmentation solution and protocol from Life Technologies (Cat. No. AM8740). However, this step will further degrade RNA and is not recommended for very small amounts of RNA obtained from RIP.
10. Since this experiment is carried out under native conditions, RNA extraction reagents, such as Trizol, can be added to beads directly for RNA extraction. No proteinase K digestion step is needed.
11. Since a small amount of RNA is used as the initial material, necessary controls, including no cell, no RNA, no RNA and no RT samples should be included during cDNA synthesis and PCR amplifi cation.
12. To validate the library, quantitative PCR should be carried out to determine whether positive control RNA is present in the library.
